Preservation of left ventricular mechanical function and energy metabolism in rats after myocardial infarction by the angiotensin-converting enzyme inhibitor quinapril.
We tested whether angiotensin-converting enzyme (ACE) inhibitor therapy with quinapril prevents the deterioration of mechanical function and high-energy phosphate metabolism that occurs in chronically infarcted heart. Rats were subjected to ligation of the left anterior descending coronary artery (LAD) or sham operation. Four groups were studied: sham-operated rats (n = 10), rats with myocardial infarction (MI, n = 9), sham-operated quinapril-treated rats (n = 8), and infarcted quinapril-treated (n = 13) rats. Treated rats received 6 mg/kg/day of the ACE inhibitor quinapril orally, initiated 1 h after MI or sham operation. Eight weeks after LAD ligation or sham operation, hearts were isolated and buffer-perfused isovolumically. High-energy phosphate metabolism and intracellular pH were continuously recorded with 31P-nuclear magnetic resonance (NMR) spectroscopy. Hearts were subjected to 15-min control, 30-min hypoxia (95% N2/5% CO2, and 30-min reoxygenation. Left ventricular developed pressure (LVDP) was reduced in infarcted hearts (58 +/- 10 vs. 98 +/- 9 mm Hg in sham, p < 0.05), and this reduction was partially prevented by quinapril (78 +/- 8 mm Hg). ATP content of residual intact myocardium after sham operation or MI was unchanged. Creatine phosphate was reduced in infarcted hearts (107 +/- 10 vs. 138 +/- 5% of control ATP, p < 0.05), and quinapril prevented this decrease (131 +/- 8%). Therefore, quinapril preserved both function and high-energy phosphate metabolism in the chronically infarcted heart. However, when hearts were subjected to acute hypoxia, susceptibility to acute metabolic stress was substantially increased in both quinapril-treated groups: ATP content at end-hypoxia was reduced to 31 +/- 7 and 37 +/- 6% in sham and infarcted quinapril-treated groups, whereas ATP in untreated sham and infarcted hearts was 66 +/- 6 and 66 +/- 3% of baseline values (p < 0.05 untreated vs. quinapril treated). Likewise, recovery of LVDP during reoxygenation was impaired by quinapril treatment (15 +/- 7 and 15 +/- 4 mm Hg in quinapril-treated sham and MI vs. 73 +/- 9 and 46 +/- 9 mm Hg in untreated sham and MI groups, p < 0.05 untreated vs. quinapril treated). The most likely explanation for the unexpected finding of increased susceptibility to acute metabolic stress in the quinapril-treated groups is reduced wall thickness leading to increased wall stress. The preservation of high-energy phosphate content in residual intact hearts after MI may contribute to the beneficial effects of ACE inhibitors after MI.